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(54) MEDICAL ANALYSIS APPARATUS

(57)  Described is a medical apparatus (1) for X-ray
analysis, comprising at least one source (2) configured
to emit X-rays, at least one X-ray detector (3) defining a
detection plane (S), an immobiliser (4) movable along a
first direction (Z) perpendicular to the detection plane (S),
a supporting frame (5), supporting the atleast one source
(2), the at least one X-ray detector (3), the immobiliser
(4), a base frame (6) movably supporting the supporting
frame (5), a control unit (U) connected at least to the
supporting frame (5), to the source (2) and to the X-ray
detector (3) to receive a signal relating to the X-rays de-
tected by the at least one X-ray detector (3) and config-
ured to process said signal and derive an image; the ap-
paratus (1) comprises: a first actuator (7A) configured to
rotate the X-ray source (2) about a first axis of rotation

(A1) parallel to the detection plane (S), and a second
actuator (7B) configured to rotate the supporting frame
(5) about the above-mentioned first axis of rotation (A1)
between a first operating position (P1) and a second op-
erating position (P2) to allow a diagnostic examination
to be performed in the first operating position (P1) or in
the second operating position (P2); the first actuator (7A)
and the second actuator (7B) each comprising: a motor
(8B, 8A), a transmission shaft (16A, 16B), a locking de-
vice (18A, 18B) acting on said transmission shaft (16A,
16B), a housing body (26A, 26B); the motor (8A, 8B), the
transmission shaft (16A, 16B) and the locking device
(18A, 18B) being positioned inside the housing body
(26A, 26B); the control unit (U) is configured to control
the first actuator (7A) and the second actuator (7B).
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Description

[0001] This invention relates to a medical apparatus
for X-ray analyses.

[0002] There are known medical X-ray apparatuses
which comprise a source configured to emit X-rays and
a detector configured to receive the X-rays emitted by
the source.

[0003] Such apparatuses canbe machines to perform,
for example, mammography, tomosynthesis, breast CT,
biopsies, CESM.

[0004] In order to perform the above-mentioned med-
ical tests, the patient’s breast is interposed between the
X-ray source and the detector.

[0005] In this way, the breast may be passed through
by the X-ray radiation which has been emitted by the
source, so that the image of the breast is generated on
the detector.

[0006] During the above-mentioned medical analyses
the patient can be positioned vertically or in the prone
position.

[0007] There are prior art apparatuses which are able
to perform various types of medical analyses with the
possibility for the patient to position him/herself in differ-
ent positions.

[0008] These apparatuses, as well as also their man-
ufacture, are currently very complex and expensive.
[0009] Moreover, the prior art apparatuses require a
very elaborate mechanical system which often translates
into a heavy and bulky machine structure, in particular
with regard to the portions of structure (for example, mo-
tors, reducers, transmission belts, movement arms)
which allow the various necessary movements of the var-
ious components.

[0010] The need is felt in the trade for making appara-
tuses which are able to move the various components to
have a compact structure, which is simple and with re-
duced costs.

[0011] The need is also felt to make apparatuses for
medical X-ray analyses which allow a safe and effective
movement of some portions of the apparatus.

[0012] An aim of the invention is to provide an appa-
ratus for X-ray examinations which overcomes the
above-mentioned drawbacks.

[0013] More specifically, an aim of the invention is to
provide an apparatus for medical X-ray examinations
which reduces the degree of complexity of the structure
of the apparatus compared with the prior art.

[0014] Another aim of the X-ray apparatus according
to the invention is to guarantee a high degree of safety
and precision during the movements of portions of the
structure of the apparatus during the examination step
or preparation for the examination.

[0015] The features of the invention are clearly de-
scribed in the claims below and its advantages are more
apparent from the detailed description which follows, with
reference to the accompanying drawings which illustrate
a preferred, non-limiting example embodiment of the in-
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vention and in which:

- Figures 1 and2are perspective views of two different
operating configurations of an embodiment of the
apparatus according to the invention;

- Figure 3 is a side view of a representation of the
apparatus according to the invention;

- Figures 4 and 5 are perspective views of details of
the apparatus according to the invention;

- Figure 6 is a rear view of a representation of a detail
of the apparatus according to the invention;

- Figure 7 is a view, partly in cross section, of Figure
6 along plane VII-VII;

- Figure 8 is a view, partly in cross section, of Figure
6 along plane VIII-VIII;

- Figure9is a detail, shown in cross section, of a detail
of Figure 6 along plane VIII-VIII.

[0016] Itshould be noted thatall the drawings are sche-
matic and are therefore not representative of the actual
dimensions of the system.

[0017] With reference to the accompanying drawings,
the numeral 1 denotes a medical apparatus for X-ray
analysis.

[0018] According to the invention, the apparatus 1
comprises:

- atleast one source 2 configured to emit X-rays;

- at least one X-ray detector 3 defining a detection
plane S;

- an immobiliser 4 movable along a first direction Z
perpendicular to the detection plane S;

- a supporting frame 5, supporting the at least one
source 2, the at least one X-ray detector 3, the im-
mobiliser 4;

- a base frame 6 movably supporting the supporting
frame 5;

- acontrol unit U connected at least to the supporting
frame 5, to the source 2 and to the X-ray detector 3
to receive a signal relating to the X-rays detected by
the at least one X-ray detector 3 and configured to
process said signal and derive an image.

[0019] The apparatus 1 comprises a first actuator 7A
and a second actuator 7B.

[0020] According to a preferred embodiment, the first
actuator 7A and the second actuator 7B are coaxial gear
motors.

[0021] The first actuator 7A is now described from a
mechanical point of view. According to the invention, the
first actuator 7A comprises a motor 8A. According to the
invention, the first actuator 7A comprises a transmission
shaft 16A.

[0022] The motor 8A is configured to rotate the trans-
mission shaft 16A about the first axis A1 of rotation.
[0023] According to the invention, the first actuator 7A
comprises a locking device 18A acting on the transmis-
sion shaft 16A.
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[0024] The first actuator 7A comprises a housing body
26A and the motor 8A, the transmission shaft 16A and
the locking device 18A are positioned inside the housing
body 26A.

[0025] The internal arrangement of the housing body
26A makes the structure of the first actuator 7A compact.
[0026] According to an aspect of the invention, the first
actuator 7A comprises a gear unit 10A.

[0027] The gear unit 10A of the first actuator 7A com-
prises at least one rigid outer gear 11A with inner toothing
12A and a deformable inner gear 13A with outer toothing
14A.

[0028] The outer toothing 14A of the inner gear 13A is
configured to engage with the inner toothing 12A of the
rigid outer gear 11A, interfering mechanically with the
rigid outer gear 11A for transmitting the rotational motion
around the first axis A1 of rotation to the rigid outer gear
11A.

[0029] Accordingtoanaspectoftheinvention, the gear
unit 10A comprises an oval element 15A.

[0030] The expression "oval element" means a rigid,
curved body which is non-circular in shape, having a ma-
jor axis and a minor axis.

[0031] The ovalelement 15A s configured for connect-
ing the transmission shaft 16A to the deformable inner
gear 13A.

[0032] In other words, the oval element 15A is inter-
posed between the transmission shaft 16A and the de-
formable inner gear 13A.

[0033] The oval element 15A is integral in rotation
about the first axis A1 of rotation to the motor 8A.
[0034] In particular, the transmission shaft 16A is con-
figured for transmitting to the oval element 15A the rota-
tional motion about the first axis of rotation A1.

[0035] Preferably, the oval element 15A is positioned
inside the inner gear 13A and is configured, in use, to
apply a pressure in two zones (radially opposite each
other) of the deformable inner gear 13A.

[0036] This pressure carriesthe two zones (radially op-
posite) of the deformable inner gear 13A in contact with
two corresponding zones of the rigid outer gear 11A, en-
gaging two portions of the outer toothing 14A of the de-
formable inner gear 13A with the corresponding portions
of the inner toothing 12A of the rigid outer gear 11A.
[0037] According to an aspect of the invention, the
number of teeth of the outer toothing 14A of the deform-
able inner gear 13A is different from (less than) the
number of teeth of the inner toothing 12A of the rigid outer
gear 11A. The first actuator 7A comprises bearings in-
terposed between the oval element 15A and the deform-
able inner gear 13A.

[0038] These bearings allow the oval element 15A to
rotate inside the deformable inner gear 13A without hav-
ing a rotation integral with each other.

[0039] In Figure 9 the numeral 25 denotes the annular
zone in which the bearings are positioned.

[0040] Inshort, the oval element 15A rotates inside the
deformable inner gear 13A deforming it.
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[0041] It should be noted that this rotation in the pres-
ence of bearings, together with the difference in the
number of teeth between the outer toothing 14A of the
deformable inner gear 13A and the inner toothing 12A of
the rigid outer gear 11A, allows, in use, the oval element
15A to continuously modify the portions of the outer tooth-
ing 14A and the inner toothing 12A mutually engaged.
[0042] More specifically, in use, each tooth of the outer
toothing 14A of the deformable inner gear 13A engages
and disengages with a first dip of the inner toothing 12A
of the rigid outer gear 11A and then engages and disen-
gages with another, second, dip of the innertoothing 12A.
[0043] This process is repeated continuously and the
distance between two consecutive dips for engaging a
same tooth depends on the difference in the number of
teeth between the outer toothing 14A of the deformable
inner gear 13A and the inner toothing 12A of the rigid
outer gear 11A. This continuous engagement and disen-
gagement between the teeth 14A, 12A transmits the ro-
tational motion about the first axis A1 of rotation of the
oval element 15A to the rigid outer gear 11A.

[0044] In particular, the number of teeth less than the
outer toothing 14A of the deformable inner gear 13A with
respect to the inner toothing 12A of the rigid outer gear
11A allows the rigid outer gear 11A to rotate with an an-
gular speed less than that of the oval element 15A.
[0045] Advantageously, by adjusting the ratio between
the number of teeth of the outer toothing 14A of the de-
formable inner gear 13A and the inner toothing 12A of
therigid outer gear 11Aitis possible to control the angular
speed of rotation of the rigid outer gear 11A.

[0046] Advantageously, this mechanical mechanism
between outer toothing 14A of the deformable inner gear
13A and inner toothing 12A of the rigid outer gear 11A
allows a zero-clearance gear motor to be obtained, that
is to say, a gear motor in which there is an extremely
small clearance between teeth of one toothing (14A, 12A)
and corresponding engaged dips of the other toothing
(12A, 14A).

[0047] Advantageously, having an extremely reduced
clearance between the toothing (14A, 12A) being cou-
pled does not result in their wear.

[0048] According to an aspect of the invention, the first
actuator 7A comprises a fixed portion 17A, that is to say,
which cannot be rotated, directly or indirectly, by the mo-
tor 8A.

[0049] The first actuator 7A comprises a plurality of
bearings 19A interposed between the rigid outer gearing
11A and the fixed portion 17A and configured to facilitate
the sliding of one relative to the other.

[0050] Preferably, the bearings 19A are crossed roller
bearings.
[0051] In other words, when the rigid outer gear 11A

rotates about the first axis A1 of rotation, it slides relative
to the fixed portion 17A which, on the other hand, does
not rotate relative to the axis A1 by direct or indirect action
of the motor 8A.

[0052] According to an aspect of the invention, the first
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actuator 7A comprises a position sensor 27A.

[0053] Preferably, the position sensor 27A is an en-
coder.

[0054] The positionsensor 27A s positioned inside the
housing body 26A.

[0055] The position sensor 27A is coupled to the trans-
mission shaft 16A.

[0056] The positionsensor27Ais positioned inside the
housing body 26A.

[0057] Accordingto an embodiment, the gear unit 10A,
the position sensor 27A, the locking device 18A, the
housing body 26A and elements of the motor 8A (for ex-
ample, rotor and stator) are made in a single cast block.
[0058] Advantageously, making these components in
a single cast block makes manufacturing rapid and less
complex.

[0059] According to an aspect of the invention, the first
actuator 7A comprises a control card.

[0060] The control card is connected to the control unit
U and the control unit U is configured to control the control
card.

[0061] The transmission shaft 16A, driven by the motor
8A, is configured for transmitting to the gear unit 10A the
rotational motion about the first axis A1 of rotation.
[0062] According to a preferred embodiment, the
transmission shaft 16A is connected to the oval element
15A for transmitting to the oval element 15A the rotational
motion about the axis A1 of rotation.

[0063] Preferably,the locking device 18A is configured
for locking said transmission shaft 16A with respect to
the rotation.

[0064] In short, the locking device 18A makes the
transmission shaft 16A stationary and consequently
locks relative to rotation everything that is connected to
the transmission shaft 16A.

[0065] The locking device 18A locks the gear unit 10A
relative to the rotation about the first axis A1 of rotation.
[0066] In particular, the locking device 18A locks the
rotation of the oval element 15A.

[0067] Advantageously, the mechanics described al-
low the first actuator 7A to be coaxial relative to the first
axis A1 of rotation.

[0068] Advantageously, the mechanics described al-
low the first actuator 7A to be compact.

[0069] Advantageously, these mechanics allows a si-
lent movement.

[0070] Advantageously, these mechanics allows a
movement without vibrations.

[0071] Advantageously, these mechanics allows a
high reduction ratio between the angular speeds of the
transmission shaft 16A and the rigid outer gear 11A.
[0072] Itshould be noted thatin order for the inner gear
13A to be deformable it necessarily has a large number
of small teeth and therefore a high reduction ratio.
[0073] It should be noted that the mechanics of the
second actuator 7B, which for brevity of description will
not be described in detail, are similar to that described
for the first actuator 7A, bearing in mind that:
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a motor 8B corresponds to the motor 8A,;

a gear unit 10B corresponds to the gear unit 10A;
a rigid outer gear 11B corresponds to the rigid outer
gear 11A;

an inner toothing 12B of the rigid outer gear 11B
corresponds to the inner toothing 12A of the rigid
outer gear 11A;

a deformable inner gear 13B corresponds to the de-
formable inner gear 13A;

an outer toothing 14B of the deformable inner gear
13B corresponds to the outer toothing 14A of the
deformable inner gear 13A;

anoval element 15B corresponds to the oval element
15A;

a transmission shaft 16B corresponds to the trans-
mission shaft 16A;

a fixed portion 17B corresponds to the fixed portion
17A;

a locking device 18B corresponds to the locking de-
vice 18A;

a plurality of bearings 19B corresponds to the plu-
rality of bearings 19A;

a housing body 26B corresponds to the housing body
26A;

a position sensor 27B corresponds to the position
sensor 27A.

[0074] The second actuator 7B also comprises a sim-
ilar operation to, and brings the same advantages as,
that described above for the first actuator 7A. According
to the invention, the first actuator 7A configured to rotate
the X-ray source 2 about a first axis of rotation A1 parallel
to the detection plane S.

[0075] Inotherwords, thefirstactuator 7Ais configured
to move the X-ray source 2 in different positions along
an arc of a circle with a centre on the axis A1 of rotation
for acquiring stereotaxic and tomographic images.
[0076] Preferably, the distance between the first axis
A1 of rotation and the detector 3 is less than the distance
between the first axis A1 of rotation and the source 2.
[0077] Preferably, the distance between the first axis
A1 of rotation and the detector 3 is less than or equal to
150 mm, even more preferably less than or equal to 100
mm.

[0078] According to a preferred embodiment, the ap-
paratus 1 comprises an arm 20 for supporting the X-ray
source 2.

[0079] The first actuator 7A is configured to rotate the
supporting arm 20 about the first axis A1 of rotation.
[0080] The locking device 18A of the first actuator 7A,
configured to act directly on the transmission shaft 16A,
allows the supporting arm 20 or the X-ray source 2 to be
kept locked to the rotation.

[0081] It should be noted that, advantageously, the
locking device 18A which acts on the transmission shaft
16A may be of reduced size, in particular with respect to
the dimensions and the mass of the supporting arm 20
and/or of the X-ray source 2.
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[0082] In this way, the overall dimensions of the appa-
ratus 1 are extremely reduced.

[0083] Accordingtoanembodiment, the lockingdevice
18A has a diameter of between 2 cm and 10 cm, in par-
ticular between 3 and 6 cm, more preferably between 3
cm and 4 cm.

[0084] In effect, the high reduction ratio guaranteed by
the mechanics of the first actuator 7A allows the use of
a simple locking device 18A of reduced size. In effect,
this reduction ratio guarantees the possibility of acting
directly on the transmission shaft 16A, and opposing ef-
ficiently the rotation of the supporting arm 20 or of the X-
ray source 2.

[0085] Alocking device 18A of these dimensions guar-
antees compactness and a smaller size than the first ac-
tuator 7A, guaranteeing at the same time the required
efficiency, and itis also more economical than more com-
plex or large devices.

[0086] Advantageously, the possibility of positioning
the X-ray source 2 in different positions along the arc
makes it possible to acquire stereotaxic or tomographic
images of a breast 100 and/or of the immobiliser 4. Ad-
vantageously, the stereotaxic or tomographic images al-
low reliable information to be obtained even deep inside
the breast 100.

[0087] According tothe invention, the second actuator
7B is configured to rotate the supporting frame 5 about
the above-mentioned first axis of rotation A1 between a
first operating position P1 and a second operating posi-
tion P2. This rotation makes it possible to perform a di-
agnostic test in the first operating position P1, in the sec-
ond operating position P2 or in a position between them.
[0088] In particular, considering a breast 100 inter-
posed between the X-ray source 2 and the detector 3,
while keeping the position of the patient fixed, this rotation
allows the apparatus 1 to irradiate the breast 100 from
different angles.

[0089] The possibility of emitting X-rays on the breast
100 at different angles allows an operator 200 to set the
optimum operating position for the diagnostic test to be
performed.

[0090] It should be noted, more specifically, that the X-
ray source 2 is supported by the supporting frame 5 and
therefore when the second actuator 7B rotates about the
first axis of rotation A1 the supporting frame 5 the X-ray
source 2 also rotates in an integral fashion.

[0091] The first actuator 7A, on the other hand, allows
the X-ray source 2 to be rotated about the first A1 axis
of rotation, without simultaneously rotating the support-
ing frame 5 and the other elements supported by it.
[0092] According to an aspect of the invention, the first
actuator 7A and the second actuator 7B are mechanically
coupled to each other.

[0093] According to a preferred embodiment, the rigid
outer gear 11B of the second actuator 7B is connected
to the supporting frame 5.

[0094] The locking device 18B of the second actuator
7B, configured for acting directly on the transmission
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shaft 16B, makes it possible to keep the supporting frame
5 locked to rotation. It should be noted that, advanta-
geously, the locking device 18B which acts on the trans-
mission shaft 16B may be of reduced dimension, in par-
ticular with respect to the dimensions and mass of the
supporting frame 5.

[0095] In this way, the overall dimensions of the appa-
ratus 1 are extremely reduced.

[0096] Accordingtoanembodiment, the locking device
18B has a diameter of between 2 cm and 10 cm, in par-
ticular between 3 and 6 cm, more preferably between 3
cm and 4 cm.

[0097] In effect, the high reduction ratio guaranteed by
the mechanics of the second actuator 7B allows the use
of a simple locking device 18B of reduced size. In fact,
this reduction ratio guarantees the possibility of acting
directly on the transmission shaft 16B, and efficiently op-
posing the rotation of the supporting frame 5.

[0098] Alocking device 18B of these dimensions guar-
antees compactness and a smaller size than the second
actuator 7B, guaranteeing at the same time the required
efficiency, and itis also more economical than more com-
plex or large devices.

[0099] The supporting frame 5 is connected to the mo-
tor 8A of the first actuator 7A.

[0100] Inessence, the second actuator 7B rotates the
supporting frame 5 about the first axis A1 of rotation,
which rotates in an integral fashion the motor 8A of the
first actuator 7A. Consequently, the first actuator 7A is
rotated in an integral fashion.

[0101] The first actuator 7A is connected to the X-ray
source 2. The rotation of the first actuator 7A about the
first axis A1 of rotation, as a result of the rotation of the
supporting frame 5, rotates in an integral fashion the X-
ray source 2 about the first axis A1 of rotation.

[0102] Considering the preferred embodiment having
the supporting arm 20 of the X-ray source 2, the first
actuator 7A is connected to the supporting arm 20. The
rotation of the first actuator 7A about the first axis A1 of
rotation rotates the supporting arm 20 about the first axis
A1 of rotation. According to a preferred embodiment, the
rigid outer gear 11A of the first actuator 7A is connected
to the supporting arm 20 (or X-ray source 2). Preferably,
these connections between the rigid inner gear 11B and
the supporting frame 5 and/or between the supporting
frame 5 and the motor 8A of the first actuator 7A and/or
between the rigid outer gear 11A and the supporting arm
20 (or X-ray source 2) are connections using pin mech-
anisms.

[0103] The mechanical features of the first and second
actuators (7A, 7B) described above advantageously al-
low a compact structure of the apparatus 1.

[0104] In particular, the motor (8A, 8B), the transmis-
sion shaft (16A, 16B) and the locking device (18A, 18B)
positioned inside the housing body (26A, 26B), together
with the structure of the first and second actuators (7A,
7B) and the connections described between the first ac-
tuator 7A, the second actuator 7B, the supporting frame
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5 and the X-ray source 2, make the apparatus 1 very
compact, keeping the apparatus 1 optimised in terms of
its functions.

[0105] The compact apparatus 1 allows the operator
200 to move freely around the patient and the apparatus
itself during a diagnostic examination or in preparation
for it.

[0106] It should be noted that the mechanics and ge-
ometry described for the first and the second actuators
(7A, 7B), and for their coupling, allow a largely negligible
(substantially zero) clearance to be obtained between
the rotation of the X-ray source 2 and that of the X-ray
detector 3. This negligible clearance (substantially zero)
allows the X-ray source 2 and the X-ray detector 3 to be
locked to each other, maintaining the relative position in
a precise and efficient manner using exclusively the lock-
ing device (18A, 18B) acting directly on the transmission
shaft (16A, 16B). According to this invention, the control
unit U is configured to control the first actuator 7A and
the second actuator 7B.

[0107] The control unit U is configured to control the
control card present in each actuator (7A, 7B).

[0108] The control unit U is configured to control the
drive of the motor (8A, 8B) of each actuator (7A, 7B).
[0109] Preferably, the control unit U comprises an in-
terface through which the operator 200 is able to control
the first actuator 7A and the second actuator 7B.
[0110] The interface is equipped with commands,
more specifically control pushbuttons.

[0111] According to an aspect of the invention, the ap-
paratus 1 comprises a supporting body 9 for the breast
100 positioned between the detection plane S and the
immobiliser 4.

[0112] According to a preferred embodiment, the sup-
porting body 9 is flat. According to an embodiment, the
supporting body 9 of the breast 100 is removably con-
nected to the supporting frame 5.

[0113] The supporting body 9 is movable along the first
direction Z.
[0114] Preferably, the supporting body 9 is movable

along the direction Z in a range of between 5 cm and 25
cm, more preferably between 12 cm and 18 cm, even
more preferably between 14.5 cm and 15.5 cm.

[0115] The X-ray detector 3 is movable along the first
direction Z.
[0116] This mobility of the X-ray detector 3 along the

first direction Z allows the distance between the axis A1
of rotation and the detector 3 to be increased with respect
to the preferred embodiment described above. This al-
lows the apparatus 1 to be configured to also perform,
for example, BCBCT examinations wherein the detector
3 must be able to rotate around the breast 100 without
striking it.

[0117] Preferably, the apparatus 1 comprises guides
32 and the supporting body 9 and the X-ray detector 3
are movable along the first direction Z along the guides
32.

[0118] According to an aspect of the invention, the ap-
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paratus 1 comprises a grille 30 for removing diffuse ra-
diation, interposed between the supporting body 9 of the
breast 100 and the X-ray detector 3.

[0119] The apparatus 1 comprises an actuator 31 for
moving said grille 30 at least along a second direction Y
perpendicular to the first direction Z. Preferably, the ac-
tuator 31 for moving the grille 30 is positioned on the
opposite side of the source 2 with respect to the X-ray
detector 3.

[0120] More specifically, considering the position of the
detector 3 along the first direction Z as the "height 0", the
X-ray source 2 is positioned at a positive height and the
movement actuator 31 of the grille 30 is positioned at a
negative height along the first direction Z.

[0121] Advantageously, the position described for the
movement actuator 31 facilitates the operator 200 during
the manoeuvres for setting up the immobiliser 4 (in par-
ticular during compression of the breast 100). According
to an aspect of the invention, the grille 30 is integral with
the X-ray detector 3 in the movements along the first
direction Z, that is to say, it moves towards and away
from the X-ray source 2 together with the detector 3.
[0122] In other words, the grille 30, the X-ray detector
3 and the supporting surface 9 of the breast 100 are mov-
able together along the first direction Z.

[0123] According to an aspect, the apparatus 1 com-
prises a further actuator 90 configured for moving the X-
ray grille 30 and/or the X-ray detector 3 and/or the sup-
porting surface 9 of the breast 100 along the first direction
Z. Preferably, the further actuator 90 is positioned on the
opposite side of the source 2 with respect to the X-ray
detector 3.

[0124] Advantageously, the position described for the
further actuator 90 facilitates the operator 200 during the
manoeuvres for preparing the diagnostic examination
and approach of the patient to the apparatus 1. According
to an aspect of the invention, the apparatus 1 comprises
an actuator 40 for moving the immobiliser 4 configured
to move the immobiliser 4 along the first direction Z.
[0125] According to an aspect, the movement actuator
40 of the immobiliser 4 comprises a coaxial movement
motor 45.

[0126] According to another aspect, the movementac-
tuator 40 of the immobiliser 4 comprises a belt and a
worm screw which are coaxial with respect to the move-
ment actuator 40 of the immobiliser 4.

[0127] According to an aspect, the control unitU is con-
figured to control the movement actuator 40 of the im-
mobiliser 4.

[0128] Preferably, the interface of the control unit U is
configured to control the movement actuator 40 of the
immobiliser 4.

[0129] In other words, the operator 200 can move the
immobiliser 4 along the first direction Z by means of the
interface of the control unit U.

[0130] The movement actuator 40 of the immobiliser
4 comprises a coupling and release mechanism 41 mov-
able between a coupling position and a release position.
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[0131] Thiscouplingandrelease mechanism41iscon-
figured for selectively setting up a mode of automatic
movement of the immobiliser 4 along the first direction
Z, in the coupling position, or a mode for manual move-
ment of the immobiliser 4 along the first direction Z, in
the release position.

[0132] In other words, the coupling/release mecha-
nism 41 controls the mode of movement of the immobi-
liser 4 allowing it to be both actuated directly by means
of the control unit U and moved automatically or it to be
moved only manually.

[0133] In short, the coupling/release mechanism 41
selectively determines whether the movement motor 45
is operatively active, in the coupling position, or is not
operatively active, in the release position.

[0134] Preferably, the coupling/release mechanism 41
is a friction mechanism. According to an embodiment,
the coupling/release mechanism 41 is of the magnetic
type.

[0135] Advantageously, this coupling and release
mechanism 41 allows the immobiliser 4 to be moved also
in the presence of any electro-mechanical faults to the
apparatus 1 or in a power failure. In particular, it allows
the patient to be released and disconnected from the
machine even under these conditions.

[0136] According to an aspect of the invention, the im-
mobiliser 4 comprises at least one detection sensor 42
configured to detect a presence of the breast 100 or a
part of the patient’s body.

[0137] The detection sensor 42 is, for example, a tem-
perature sensor.

[0138] Accordingtoan aspect, the control unit U is con-
nected to the detection sensor 42 and is configured to
receive information from the detection sensor 42 upon
the detection of the presence of the breast 100 or a part
of the patient’s body. In this case, the control unit U is
configured to slow down or lock the movement of the
immobiliser 4.

[0139] Advantageously, detecting a presence of the
breast 100 or of a part of the body of the patient during
movement of the immobiliser 4 allows any impacts of the
immobiliser 4 with the patient to be predicted and/or
avoided.

[0140] According to an embodiment, the immobiliser 4
comprises at least a first force sensor 43 and a second
force sensor 44.

[0141] The first force sensor 43 is configured to detect
a contactwith the breast 100 and the second force sensor
44 is configured to detect a force applied on the immo-
biliser 4.

[0142] The control unit U is connected to the first force
sensor 43 and to the second force sensor 44 and is con-
figured to receive information relating to the data detect-
ed by the force sensors (43, 44).

[0143] The control unit U is configured to slow down
the speed of movement of the immobiliser 4 upon receiv-
ing the information from the first force sensor 43 relative
to a contact of the immobiliser 4 with the breast 100.
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According to an aspect, the first force sensor 43 is a load
cell.

[0144] Accordingtoanaspect, the second force sensor
44 is a load cell.
[0145] The control unit U is configured for deriving the

force exerted by the immobiliser 4 on the breast 100 dur-
ing compression from the information received from the
second force sensor 44 relating to the detection of the
force exerted on the immobiliser 4.

[0146] According to an embodiment, the immobiliser 4
is movable in rotation about a second axis A2 of rotation
parallel to the detection plane S.

[0147] Inotherwords, the immobiliser4 canbe inclined
relative to the second axis A2 of rotation.

[0148] Advantageously, inclining the immobiliser 4 rel-
ative to the second axis A2 of rotation allows adaptation
tothe breast 100 in amore comfortable way for the patient
and more efficient in locking the breast 100.

[0149] According to an aspect of the invention, the ap-
paratus 1 comprises a plurality of monitoring sensors 50
configured for detecting the presence of an operator 200
and/or of the patient and/or of a component of the appa-
ratus 1 in a predetermined monitoring area.

[0150] The monitoring sensors 50 are, for example,
position or temperature sensors.

[0151] According to an aspect, the control unitU is con-
nected to the monitoring sensors 50 and is configured to
receive, by means of the monitoring sensors 50, infor-
mation regarding the presence of an operator 200 and/or
of the patient and/or of a component of the apparatus 1.
[0152] The control unit U is configured to slow down
the speed of movement of the immobiliser 4 upon receiv-
ing the information from the monitoring sensors 50 rela-
tive to the presence of an operator 200 and/or of the
patient and/or of a component of the apparatus 1.
[0153] Advantageously, the presence of the monitor-
ing sensors 50 makes it possible to monitor predeter-
mined surveillance areas, in particular in the proximity of
the apparatus 1, during a diagnostic examination.
[0154] Monitoring these areas makes it possible to limit
impacts, interference and other unforeseen events due
to the presence of an operator 200 and/or of the patient
and/or a component of the apparatus 1 in said areas.
According to an embodiment, the apparatus 1 comprises
a viewing system 60 configured to capture images of the
immobiliser 4 and/or of the supporting body 9 of the
breast 100 and/or of the breast 100 and/or of the patient
and/or of the operator 200, to identify the position or the
physical characteristics of one or more of said immobi-
liser 4, supporting body 9 of the breast 100, breast 100,
patient, operator 200, with respect to a predetermined
reference system.

[0155] Advantageously, inthis way, itis possible to ob-
tain information useful for operation of the apparatus 1,
through the viewing system 60 itself, in particular with
regard to the position of some elements of the apparatus
1 or of the breast 100 of the patient.

[0156] Preferably, the viewing system 60 comprises



13 EP 4 272 651 A1 14

one or more video cameras, preferably of the stereo type.
[0157] The viewing system 60 may also perform the
function of anti-collision checking, since the control unit
U may be configured to allow a check of the relative po-
sitioning of the various components of the apparatus 1
to identify any abnormal positions which can correspond
to a collision condition.

[0158] Generally speaking, it should be noted that the
information regarding the positions of the breast 100
and/or lesions in the breast 100 and/or components of
the apparatus 1 makes it possible to use all the possible
configurations of the apparatus 1 described in the inven-
tion in order to optimise the diagnostic examination.
[0159] In a preferred embodiment, the supporting
frame 5, the first actuator 7A and the second actuator 7B
can be inclined, with respect to the base frame 6, by
means of a rotation about a third axis of horizontal rotation
A3 between a first operating position P3 and a second
operating position P4 to allow a diagnostic examination
to be performed in the first operating position P3 or in the
second operating position P4.

[0160] According to an aspect, the apparatus 1 com-
prises an arm 80 configured for connecting the base
frame 6 to the second actuator 7B and, therefore, as de-
scribed above, to the first actuator 7A and to the support-
ing frame 5. The arm 80 is movable in rotation about the
third axis A3 of rotation. Advantageously, the compact
structure described for the first and second actuators (7A,
7B)allows a simpler and lighter structure of the apparatus
1 to be obtained.

[0161] A simpler and lighter structure of the apparatus
1, in particular with regard to the unit comprising the first
actuator 7A, second actuator 7B and supporting frame
5, facilitates the movement of the arm 80 in rotation about
the third axis A3 of rotation.

[0162] Advantageously, allowing a diagnostic exami-
nation to be performed in the first operating position P3
or in the second operating position P4 allows the appa-
ratus 1 to perform different types of diagnostic examina-
tions in different positions of the patient depending on
the optimum configuration planned for the diagnostic ex-
amination.

[0163] Advantageously, the apparatus 1 according to
this invention, thanks to its high degree of simplicity and
compactness, allows an operator 200 a high level of free-
dom of movement and operation during, and in prepara-
tion for, a diagnostic examination.

[0164] According to an aspect of the invention, the ap-
paratus 1 comprises a collimation device 21, configured
to collimate the radiation beam emitted by the source 2.
[0165] According to a further aspect, the apparatus 1
comprises at least one control sensor 22 configured to
detect a variation of the position of the focus of the beam
ofradiation emitted by the source 2 relative to the detector
3.

[0166] The control sensor 22 is, for example, an incli-
nometer.

[0167] The control sensor 22 is configured for sending
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a signal to the control unit U relative to this variation.
[0168] The control unit U is configured to control the
collimation device 21 as a function of said signal sent by
the control sensor 22 so as to adjust the collimation of
the radiation beam.

[0169] According to a preferred embodiment, the ap-
paratus 1 comprises a control sensor 22 positioned on
the X-ray source 2 and a control sensor 22 positioned on
the X-ray detector 3.

[0170] These sensors are configured to detect and
measure the variation of the angular position of the
source 2 relative to the X-ray detector 3.

[0171] The control unit U is configured to control the
collimation device 21 as a function of the variation so as
to adjust the collimation of the radiation beam.

[0172] It should be noted, for example, that the move-
ments described for the apparatus 1 and its components
might cause the above-mentioned variation of the angu-
lar position of the source 2 relative to the X-ray detector 3.
[0173] Advantageously, the apparatus 1 is able to op-
timise the collimation of the beam in each operating po-
sition of the apparatus 1.

[0174] Advantageously, the control sensors 22, to-
gether with the collimation device 21 and the control unit
U, allow the collimation of the X-ray beam to be optimised
by keeping the apparatus light, simple, compact and by
limiting the costs.

Claims

1. A medical apparatus (1) for X-ray analysis, compris-
ing:

- at least one source (2) configured to emit X-
rays,

- at least one X-ray detector (3) defining a de-
tection plane (S),

- an immobiliser (4) movable along a first direc-
tion (Z) perpendicular to the detection plane (S),
- a supporting frame (5), supporting the at least
one source (2), the at least one X-ray detector
(3), the immobiliser (4),

- a base frame (6) movably supporting the sup-
porting frame (5);

- a control unit (U) connected at least to the sup-
porting frame (5), to the source (2) and to the X-
ray detector (3) to receive a signal relating to the
X-rays detected by the at least one X-ray detec-
tor (3) and configured to process said signal and
derive an image;

the apparatus (1) being characterised in that
it comprises:

- a first actuator (7A) configured to rotate
the X-ray source (2) about a first axis of ro-
tation (A1) parallel to the detection plane

(S);
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-asecond actuator (7B) configured to rotate
the supporting frame (5) about the above-
mentioned first axis of rotation (A1) between
a first operating position (P1) and a second
operating position (P2) to allow a diagnostic
examination to be performed in the first op-
erating position (P1) or in the second oper-
ating position (P2);

the first actuator (7A) and the second actuator
(7B) each comprising:

- a motor (8A, 8B);

- a transmission shaft (16A, 16B), opera-
tively connected to the motor (8A, 8B) in or-
der to be rotated;

-alocking device (18A, 18B) acting on said
transmission shaft (16A, 16B);

- a housing body (26A, 26B);

the motor (8A, 8B), the transmission shaft (16A,
16B) and the locking device (18A, 18B) being
positioned inside the housing body (26A, 26B),
the control unit (U) being configured to control
the first actuator (7A) and the second actuator
(7B).

The apparatus (1) according to the preceding claim,
wherein each motor (8A, 8B) is configured to rotate
the respective transmission shaft (16A, 16B) about
the first axis of rotation(A1).

The apparatus (1) according to the preceding claim,
wherein the first actuator (7A) and the second actu-
ator (7B) each comprise a position sensor (27A,
27B), positioned inside the housing body (26A, 26B),
and a control card.

The apparatus (1) according to any one of the pre-
ceding claims, wherein the first actuator (7A) and the
second actuator (7B) each comprise a gear unit
(10A, 10B) comprising:

- arigid outer gear (11A, 11B) with inner toothing
(12A, 12B),

-andeformable inner gear (13A, 13B) with outer
toothing (14A, 14B) configured to engage with
the inner toothing (12A, 12B) of the outer gear
(11A, 11B), mechanically interfering with the rig-
id outer gear (11A, 11B) for transmitting the ro-
tational motion to the rigid outer gear (11A, 11B),
- and an oval element (15A, 15B) configured for
connecting the transmission shaft (16A, 16B) to
the deformable inner gear (13A, 13B), the oval
element(15A, 15B)beingintegralin rotation with
the transmission shaft (16A, 16B).

The apparatus (1) according to any one of the pre-
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10.

1.

12.

13.

ceding claims, wherein the first actuator (7A) and the
second actuator (7B) are gear motors coaxial with
respect to the first axis of rotation (A1).

The apparatus (1) according to any one of the pre-
ceding claims, wherein the first actuator (7A) and the
second actuator (7B) are mechanically coupled.

The apparatus (1) according to any one of the pre-
ceding claims, wherein the first actuator (7A) is sup-
ported by the supporting frame (5) and is configured
to rotate about the first axis of rotation (A1) in an
integral fashion with respect to the supporting frame

®).

The apparatus (1) according to any one of the pre-
ceding claims, comprising a supporting surface (9)
of the breast (100) and wherein the X-ray detector
(3) and the supporting surface (9) of the breast (100)
are movable along said first direction (Z).

The apparatus (1) according to any one of the pre-
ceding claims, comprising an actuator (40) for mov-
ing the immobiliser (4) configured for moving the im-
mobiliser (4) along the first direction (Z), the actuator
(40) for moving the immobiliser (4) comprising a cou-
pling and release mechanism (41), movable be-
tween a coupling position and a release position,
configured for selectively setting up a mode of auto-
matic movement of the immobiliser (4) along the first
direction (Z), in the coupling position, or manually
moving the immobiliser (4) along the first direction
(2), in the release position.

The apparatus (1) according to any one of the pre-
ceding claims, wherein the immobiliser (4) compris-
es at least one detection sensor (42) configured to
detect a presence of the breast (100) or a part of the
patient’s body.

The apparatus (1) according to any one of the pre-
ceding claims, wherein the immobiliser (4) compris-
es at least a first force sensor (43) and a second
force sensor (44), the first force sensor (43) being
configured to detect a contact with the breast (100)
and the second force sensor (44) being configured
to detect a force applied on the immobiliser (4).

The apparatus (1) according to any one of the pre-
ceding claims, wherein the immobiliser (4) is mova-
ble in rotation about a second axis of rotation (A2)
parallel to the detection plane (S).

The apparatus (1) according to any one of the pre-
ceding claims, comprising a plurality of monitoring
sensors (50) configured for detecting the presence
of an operator (200) and/or of the patient and/or of
a componentof the apparatus (1) in a predetermined
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monitoring area.

The apparatus (1) according to any one of the pre-
ceding claims, comprising a viewing system (60)
configured to capture images of the immobiliser (4)
and/or of the supporting surface (9) of the breast
(100) and/or of the breast (100) and/or of the patient
and/or of the operator (200), to identify the position
or the physical characteristics of one or more of said
immobiliser (4), supporting surface (9) of the breast
(100), breast (100), patient, operator (200), with re-
spect to a predetermined reference system.

The apparatus (1) according to any one of the pre-
ceding claims, wherein the supporting frame (5), the
first actuator (7A) and the second actuator (7B) can
be inclined, with respect to the base frame (6), by
means of a rotation about a third axis of horizontal
rotation (A3) between a first operating position (P3)
and a second operating position (P4) to allow a di-
agnostic examination to be performed in the first op-
erating position (P3) or in the second operating po-
sition (P4).
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